A spectrophotometric method for the simultaneous determination of norfloxacin, ofloxacin and lomefloxacin, is described. The spectrophotometric analysis is made possible with the aid of chemometric methods, such as classical least square (CLS), principal component regression (PCR), partial least square (PLS), and radial basis function-artificial neural network (RBF-ANN). Spectra were collected in the 190-400 nm range from a set of samples of three compounds in a Britton-Robinson buffer solution (pH=1.81). This approach overcomes the significant practical difficulties of severe spectral overlap. It was found that peak intensities are proportional to the concentration for each analyte. The obtained linear calibration concentration ranges are 0.6-13.8, 0.5-15.0, and 0.5-15.0 mg L -1 for norfloxacin, ofloxacin and lomefloxacin, respectively, and the LODs for the three analytes were found to be approximately 6-24× 10 -2 mg L -1
INTRODUCTION
Fluoroquinolones are important antibacterial agents developed in the 1980s, and have many applications in veterinary and human medicine. The pharmaceuticals have a broad spectrum of activity and good oral absorption [1] . These drugs are bactericidal over a wide range of therapeutically achievable concentrations, and act via selective inhibition of bacterial DNA synthesis. They have a broad range of action against both Gram negative and Grampositive bacteria [2, 3] .
In this paper, three important fluoroquinolones , norfloxacin Although many procedures have been described for the analysis of three fluoroquinolones in pharmaceutical preparations and in biological fluids, reports on the simultaneous determination of the three compounds in these samples are limited to a few methods mainly based on high-performance liquid chromatography [4, 5] , nuclear magnet resonance [6] and spectrofluorimetry [7, 8] . However, often these methods are time-consuming [4, 5] or require substantial expertise [6] in comparison with spectrophotometry. The spectrophotometric technique is well known, and commonly used for routine analysis. It is simple to apply, has a reasonable sensitivity as well as significant economical advantages [9] .
However, to the best of our knowledge, there are no reports on the application of spectrophotometry for the simultaneous determination of the three compounds. This may be explained in the case of traditional spectrophotometry by the structural similarity of the three compounds. Similar UV-vis spectra for the three compounds (Fig. 2) are obtained, and hence, there are significant difficulties for simultaneous determination. A possible solution to this problem is to combine chemometrics with spectrophotometric method. This is known to facilitate the resolution of mixtures of closely related chemical species without any physical separation. In this paper, a spectrophotometric method is explored for the simultaneous determination of the three important antibacterial agents, norfloxacin, ofloxacin and lomefloxacin. It was based on the spectral differences of the analytes in a Britton-Robinson buffer solution (pH=1.81). The spectral data collected was then processed by use of four chemometric methods including CLS [10] [11] [12] , PCR, PLS [13] [14] [15] [16] , and RBF-ANN [17] [18] [19] [20] [21] . The prediction performance of the calibration models based on these methods were compared, and the better performing models were applied for the analysis of norfloxacin, ofloxacin and lomefloxacin present in rabbit blood serum.
Theory

Principal component regression (PCR) and partial least square (PLS)
Principal component regression (PCR) and partial least square (PLS) [13] [14] [15] [16] are factor analysis multivariate statistical tools which have many of the fullspectrum advantages of the CLS method and have been successfully applied to the analysis of multicomponent mixtures. Like the CLS method, PCR and PLS need a calibration step where the models for the spectra and the component concentrations are deduced from a set of standards, followed by a prediction step in which the concentrations of the unknown are estimated from the sample spectrum. Both of these methods involve spectral decomposition. The PCR decomposition is based entirely on spectral variations without regard for the component concentrations. PCR decomposition is significantly influenced by variations which have no relevance to the analyte concentrations. In PLS, the spectral decomposition is weighted to the concentration. The major difference in the predictive abilities of these two methods is that PLS seems to predict e-mail address:hxg208@163.com better than PCR when there are random linear baselines or independently varying major spectral components which overlap with the spectral features of the analysis.
Radial basis function-artificial neural network (RBF-ANN)
Recently, the radial basis function-artificial neural network (RBF-ANN) model has been noted for its simple network structure that avoids lengthy calculations as compared to the back propagation -artificial neural network (BP-ANN), and has good robustness, as well as improved sensitivity to noisy data [17] . Typically in an RBF network [17] [18] [19] [20] [21] , there are three layers: input, hidden and output. The input layer serves only to distribute input to the hidden layer. Each neuron of the hidden layer uses a Gaussian transfer or basis function, instead of the sigmoid one associated with the BP model, to account for the non-linearity. The hidden layer in the RBF network consists of an array of nodes that contain a parameter called the 'radial centre' vector. The hidden layer performs a fixed non-linear transformation with non-adjustable parameters. The approximation of the input-output relationship is derived by obtaining a suitable number of nodes in the hidden layer and by positioning them in the input space where the data is most clustered. For each iteration, the position of the radial centres, their width (variation) and the linear weights are modified for each output node. The learning is completed when each radial centre is located as closely as possible to each discrete cluster centre formed from the input space.
EXPERIMENTAL
Reagents
Doubly distilled water and analytical-reagent grade chemicals were used throughout the experiments. A stock solution of norfloxacin (60 mg L ) into 100 mL of mixed acid, containing 0.04 mol L −1 of each of boric acid, orthophosphoric acid and acetic acid.
Apparatus
Spectral data were obtained from measurements on a UV-2450 spectrophotometer (Shimadzu, wavelength width: 190-1100 nm) with a 10 mm pathlength fused-silica cuvette. The pH was measured with a Model SA 720 pH meter (Orion). The measured data were processed on a Pentium IV computer with CLS, PCR, PLS and RBF programs written in MATLAB 6.5 (Mathworks) by the authors according to some references [14, 18] .
General procedure
Suitable volumes of the mixture of the analytes were transferred to 10 mL volumetric flasks followed by the addition of 2 mL of the Britton-Robinson buffer solution (pH=1.81), diluted to the mark with water and mixed well. An absorption spectrum was measured for each solution between 190 and 400 nm at 1 nm interval in 10 mm cuvettes with respect to a reagent blank.
Procedure for the determination of norfloxacin, ofloxacin and lomefloxacin in rabbit blood serum
A certain volume of acetonitrile was added to 0.2 mL rabbit blood serum containing a certain amount of norfloxacin , ofloxacin and lomefloxacin in a 1.5 mL micro-centrifuge tube. The samples were centrifuged at 56000 g for 30 min. The supernatant solution was transferred to a 5 mL ampoule and the acetonitrile removed by extraction with 1 mL dichloromethane. The sample was centrifuged at 5600 g for 8 min, and the aqueous supernatant transferred to a sample tube. Then, 500 µL aliquot of this solution was analyzed following the above mentioned General Procedure (Section 3.3).
RESULTS AND DISCUSSION
Spectral behaviour of norfloxacin, ofloxacin and lomefloxacin
The absorption spectra (190-400 nm) of norfloxacin, ofloxacin and lomefloxacin in a Britton-Robinson buffer solution (pH=1.81) (Fig. 2) showed that they overlapped significantly, and the absorbance maxima were 277 nm for norfloxacin, 293 nm for ofloxacin, and 287 nm for lomefloxacin, respectively. This precluded the application of traditional spectrophotometric approaches for the simultaneous determination of the analytes, and thus, the use of the chemometric methods based on spectral resolution was available.
Effect of pH on the absorbance of norfloxacin, ofloxacin and lomefloxacin
The effect of pH of Britton-Robinson buffer solutions in the range of 1.81 -11.98 was studied. In general, it was found that the peak intensities at absorption maxima decreased with the increase of pH. Thus, a pH=1.81 Britton-Robinson buffer solution was selected for all studies in this work.
Calibration curves and limits of detection
Calibration spectra of the norfloxacin, ofloxacin and lomefloxacin solutions (Fig. 3) , run under the proposed experimental conditions, were linearly modeled, and the figures of merit for the three compounds were calculated ( Table 1) . The linear concentration range is 0.6-13.8 mg L -1 for norfloxacin, 0.5-15.0 mg L -1 for ofloxacin and 0.5-15.0 mg L -1 for lomefloxacin, respectively. LOD value is 0.14 mg L -1 for norfloxacin, 0.24 mg L -1 for ofloxacin and 0.06 mg L -1 for lomefloxacin, respectively. Both the above linear ranges and the LODs compare well with the figures of merit obtained with the HPLC method, which utilize a UV detector [4] . 
Chemometric analysis of synthetic mixtures of norfloxacin, ofloxacin and lomefloxacin
The composition of the calibration sets (total -12 standards, Table 2 ) was orthogonally designed, according to a three-level orthogonal array [22] , denoted by OA 9 (3 4 ), in order to obtain maximum information from the calibration procedure. The range of concentrations used for norfloxacin, ofloxacin and lomefloxacin were 0.6-10.2, 0.5-6.0 and 0.5-6.0 mg L -1 , respectively. Spectra of these samples were collected according to the experimental procedure described above, which was used with the aid of chemometric methods such as CLS, PCR, PLS, and RBF-ANN. Outliers in spectral data measured in all samples (the calibration sets plus the following validation sets) can be detected by the Q-statistics [23] . The Q-statistics is a measure of the difference of a sample and its projection onto the principal component analysis (PCA) model and high Q-values indicate extreme samples that are not very well modeled. The results showed that outliers in spectral data measured in all samples did not exist [23] .
To avoid overfitting or underfitting in PCR, PLS and RBF models, the cross-validation procedures were employed and submitted to the calibration sets. The cross-validation procedures consisting of systematically removing one of the calibration samples in turn, and using only the remaining ones for the construction of the parameters and regression were applied [24] .
The predicted concentrations were then compared with the known ones for each of the calibration samples and the predicted error sum of squares (PRESS) was calculated. The PRESS was computed in the same manner each time a new parameter was added to the models. PRESS was calculated according to Eq. (1):
where c ij, added indicates the concentration of jth component in ith mixtures in the calibration set, c ij, pred is its estimation in the calibration set found by mentioned above chemometrics methods.
One reasonable choice for the optimum parameters would be the number, which yields the minimum PRESS. The results showed that the maximum number of factors used to calculate the optimum PRESS with the aid of PCR and PLS methods was 3 and 4, and the parameters of nodes in the hidden layer and the spread coefficient in the RBF method are 5 and 163, respectively.
To evaluate the prediction performance of these chemometric models, a set of nine synthetic validation mixtures were prepared (Table 3) , and submitted for prediction by each of the calibration models. The prediction ability was expressed in terms of the relative prediction errors-RPE S for individual compounds, and RPE T for the overall error (Table 4) .
(2) and (3) where c ij, added is the concentration of jth component in ith mixtures, and c ij, pred is its estimation found by the above mentioned chemometric methods [25] . From Table 4 , it can be seen that %RPE S and %RPE T given by the PCR model were better than those obtained by the CLS model, and slightly worse than those obtained by PLS model. This reflects the usual experience with these three methods. In addition, the RBF-ANN one produced better results than the PLS model on the basis of the %RPE S and %RPE T criterion. This is because the RBF-ANN are also effective for modeling non-linear signal-property relationships. Therefore, the RBF-ANN is selected for the simultaneous determination of norfloxacin, ofloxacin and lomefloxacin in mixtures based on low %RPE S and %RPE T . Table 2 
Interfering effects
In order to evaluate the practical applicability of the present procedure for the simultaneous determination of norfloxacin, ofloxacin and lomefloxacin in real samples, the potential interfering effects of some species frequently encountered in rabbit blood serum were investigated by analyzing a standard
lomefloxacin and various amounts of coexisting species. The concentration ratios of foreign species to the standard solution, which are tolerated within a ±10% error range, are as follows: Cd(II), Na(I), K(I), Mg(II), SO 4 2-, Cl -and glucose (300), tartrate (100), Co(II), Fe(II), Cu(II) and Zn(II) (30), ascorbic acid (5).
Determination of norfloxacin, ofloxacin and lomefloxacin in rabbit blood serum
The proposed method for the simultaneous determination of norfloxacin, ofloxacin and lomefloxacin with the aid of RBF-ANN model, was applied for the analysis of the rabbit blood serum. The results are summarized in Table 5 . The results obtained by the proposed method were very close to those obtained by HPLC. The relative standard errors between the proposed method and HPLC are below 10%. This indicated that there was no significant difference between the proposed method and the reference method. Consequently, the above findings indicate that proposed method can be successfully applied for simultaneous determination of norfloxacin, ofloxacin and lomefloxacin in real samples 
CONCLUSION
A UV-spectrophotometric method of analysis was successfully researched and developed for the simultaneous determination of norfloxacin, ofloxacin and lomefloxacin commonly found in rabbit blood serum. Multivariate calibration models were built from the spectral data matrices on the basis of CLS, PCR, PLS and RBF-ANN methods. Verification of the calibrations carried out with the aid of a synthetic set of mixtures of the three compounds, produced satisfactory results on the basis of figures of merit with the method comparing well with HPLC in the literature. The results also showed that for practical purposes CLS models performed poorly in comparison with the PCR , the PLS and the RBF-ANN ones, and the RBF-ANN is the best model in this system. Thus, the RBF-ANN model was employed for analysis of the three compounds in commonly available rabbit blood serum.
